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Up to the present, attempts have been made by many investigators to analyse 
the mechanism of determination and differentiation of dorso-ventrality of tbe sea 
urchin larvae. According to Morgan and Lyon (1907), Runnstriim (1926), Lindahl 
(1932b) and Pease (1939), the dorso-ventrality is affected by centrifugal force, 
when the pigment, oil drop and centripetal giant cells were taken as the mark. 
Lindahl (1932a), Hiirstadius and Wolsky (1936) and Pease (1941, 1942a, b) deduced 
from the frequency of distribution of the marks which were given on a limited 
part of the egg by means of the local vital-staining held that the dorso-ventrality 
is altered as the result of elongation in the unfertilized egg, bisection of the egg 
in the 16-cell stage or local exposure to chemical reagents in the 8-cell stage. 
Foerster and orgtrom (1933) also showed by local vital-staining that there is 
already established physiological difference between the dorsal and the ventral 
areas in the fertilized, but uncleaved egg. 
For the statistical treatment of distribution of the marks in the dorsal and 
the ventral areas of the experimental egg it is necessary to know the presumptive map 
of the dorsal and ventral areas in the normal egg before the ,differentiation. For 
the reason, the experiments carried out by early investigators were based on the 
assumption that the site of the marks is in the same frequency of distribution 
in the dorsal and the ventral areas of the experimental egg, when the dorso-ventrality 
was not altered by the treatments. 
In this paper the distribution of the presumptive dorsal and ventral areas in-
vestigated by means of local vital-staining in eggs of the sea urchin, Hemicentrotus 
pulcherrimus, is described. 
The writer expresses his hearty thanks to Professor !sao Motomura, under 
whose guidance these experiments were carried out. 
1) Contributions from the Marine Biological Station of Asamushi, Aomori Ken, No. 
~48. 
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MATERIAL AND METHOD 
The eggs of the sea urchin, Hemicentrotus pulcherrimt<s, collected at Asamushi 
was used: The fertilization membrane was removed by shaking in a test-tube 
soon after fertilization. Two blastomeres of diametrically opposite position in the 
animal hemisphere of the 16-cell stage or two in the vegetal hemisphere of the 32-cell 
stage was stained with Nile Blue sulphate or· also with Neutral Red to avoid the 
toxic action of the dye. The solution of the dye in a glass capillary tube was blown 
from the tip by bringing it in contact with the egg, until the egg is stained suitably. 
The final position of two stained blastomeres was observed in the gastrula and 
early pluteus stages. 
RESULTS 
I. Animal half 
At the end of the gastrula stage three portions, symmetrical lateral thicken-
ing of the ectoderm, a thin portion of the presumptive oral side, and a thin ectoderm 
covering more than the half of the gastrula surface are recognizable in polar 




Fig. 1. Polar view of the gastrula 
of the sea urchin. 
by the dorsal area 
(Fig. 1). 
(D) respectively 
In the present experiments two 
marks of diametrically opposite 
position in the anhnal hemisphere 
Table 1 
Frequency of distribution of two marks vital-
stained at the 16-cen stage in the diametrically 
opposite position . of the animal half 
The site of the pair of marks is shown 
by DO in dorsal and oral areas, DL in dorsal 
and lateral areas, OL in oral and lateral 
areas, DD in dorsal and dorsal areas, 00 in 
oral and oral areas, and LL in lateral and 
lateral areas. 
Position Gastrula Early pluteus 
DO 58 1/4 34 1/4 
DL 55 1/4 44 3/4 
OL 3/4 3/4 
DD 0 0 
00 0 0 
_L_L_-i-__ 60_3/:_4 __ -!--_7_0 I /4 
Total 175 !50 
of the 16-cell stage were found in the ectoderm without exception. The frequency of 
the distribution Of the marks in the dorsal, oral and lateral areas of the ectoderm is 
shown in Table I. The cases in which the pairJ of marks were found in the dorsal 
and oral areas or in the d?rsal and lateral areas, are denoted by DO, or DL respec-
tively. When a mark was found extending over two areas, the frequency of the 
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mark was calculated as 0.5 in every two areas. In the majority of the cases the 
pairs of marks were found in the dorsal and oral, in the dorsal·and lateral, or in the 
lateral and lateral areas. \'lhile the case in the oral and lateral areas was almost 
negligible. The last mentioned case was omitted from the estimation of the 
occupying area in the presumptive map, when the mark was too large and error 
was expected. 
The presumptive map of the dorsal, oral and lateral areas in the gastrula stage 
is estimated on the basis of the frequency of distribution of the marks (Fig. 2). 
As shown in Table I, the cases in which one of the marks was contained in the oral 
area were DO and OL, that is 58 1/4 plus 3/4 in the total 175 cases or 33.7 per 
cent of the total area. As mentioned above, a pair of the marks was situated in 
diametrically opposite position, a half of the calculated area, 33.7 per cent belongs 
to the oral area at the most, and the other half to the dorsal area in the median 
line. As to DL, in the same method, a half of the calculated area, 31.6 per cent is 
belongs to the dorsal, and the other half to the lateral area. Accordingly, the total 
dorsal area is 32.6 per cent of the total area. The remaining portion belongs to the 
lateral area. As shown in Fig. 1, the wall of the dorsal area becomes thin in the 
gastrula stage, while that of the ventral half becomes thick especially at the lateral 
region, which is estimated as belonging to the ventral area by Runnstr6m (1926), 
Lindahl (1932b) and Pease (1939). The results of the present experiment show 
that the lateral area, which becomes the ciliary band, is formed by the condensa-
tion of the cells f'iprn the dorsal to the ventral side at the gastrula stage. 
The presumptive map of the early pluteus stage was estimated in the same 
manner as mentioned above. By the successive observations from the gastrula to 
the early pluteus the cases turning from DL to LL or from DO to DL are often 
observed. In comparison with the gastrula stage the lateral area increased by 
decreasing the dorsal area in the early pluteus stage. As the result, the presump-
tive lateral area becomes large and the presumptive dorsal and oral areas smaller 
as the development proceeds. 
Table 2 
Frequency of distribution of two marks vital-stained at the 32-cell stage 





DD 2 1/2 
00 0 
LL I 1/2 
Total 72 
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II. Vegetal half 
The marking of the vegetal half was carried out in the 32-cell stage, as it is 
convenient for the local vital-staining in a restricted area. The distribution of the 
marks in the endoderm was estimated with the above mentioned method (Table 2, 
Fig. 4). The result shows that the marks showed no tendency of shifting to the 
ventral side in contrast with the ectoderm, although they became obscure especially 

















Figs. 2-4. Presumptive map of the dorsal and the ventral areas of gastrula 
and early pluteus. Polar view. Fig. 2. Gastrula. Fig. 3. Early pluteus. Fig. 4. 
Vegetal half of the 32-cell stage. 
DISCUSSION 
Runnstr6m reported that when the unfertilized egg of Psammechintts ,.,:uaris 
was centrifuged, the marks of the centrifugal pole were found on the ventral side 
in the majority of the cases. According to his definition, the ventral area covers 
the oral field as well as the ciliary band (Runnstr6m 1926). According to 
Lindahl (1932b), the centrifugal pigment layer of Arbacia pustulosa egg is found in 
the ventral area in a large frequency, while in Psammechinus microtuberculatus 
and in the centripetal fragments of Arbacia pustulosa the marks of the centripetal 
pole were found in the ventral area. And they concluded .that the dorso-ventrality 
of the sea urchin embryo is affected by the centrifugal force. Concerning the 
results of the above mentioned authors Motomura (1941) has already pointed out 
that the dorso-ventrality must be discussed basing on the statistical observation 
on the distribution of the dorsal and ventral areas in the normal development. 
Further, he showed that the centrifugal force affects the polarity axis, more 
effectively than on the dorso-ventrality (Motomura 1948). Accordingly, the writer 
is in the opinion that the results of Runnstr6m (1926) and Lindahl (1932b) show 
the tendency of the ventral shifting of the ectoderm in the normal developmenL 
In the writer's experiment the mark of the vital-staining showed a remarkable 
tendency to shift to the ventral side as the result of the thickening of the ectoderm 
at the ciliary band. Namely, the ventral areas of the gastrula and of the pluteus, 
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cover more than 67 and 73 per cent of the animal half of the cleavage stages 
respectively. 
Pease (1939) carried out ultracentrifuge experiments of the unfertilized egg 
of Dendraster excentricus and showed that the centripetal giant cell resulted by 
the centrifugal force is found more frequently in the ventral than in the dorsal. 
Those results also suggest the ventral shifting of the ectoderm. Morgan and Lyon 
(1907) showed that the centrifugal pigment layer is mainly located between the 
mouth and anus, avoiding the median line in the pluteu' of Arbacia. 
SUMMARY 
Two blastomeres of diametrically opposite position in the animal hemisphere 
of the 16-cell stage or two in the vegetal hemisphere of the 32-cell stage were stained 
with Nile Blue sulphate or with Neutral Red. On the basis of the frequency of the 
distribution of the marks the presumptive maps of the dorsal, oral and lateral areas 
of the ectoderm and endoderm were estimated. The lateral area forms the ciliary 
band which become thick by the condensation of the cells and is included in the 
ventral area of the early pluteus. Accordingly, the presumptive ventral area of 
the early pluteus covers more .than 75 per cent of the animal half in the 16-cell 
stage. 
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